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Recent  work  has  continued  to  study  applications  of  the  Weil  transform  to  radar 
signal  processing  and,  in  a  parallel  effort,  to  multi-access  spread  spectrum 
communications.  The  main  thrust  of  the  work  is  the  relationship  betv/een  the  Weil 
transform  of  a  waveform  and  the  ambiguity  surface  of  the  wave -form.  The  study  of 
this  relationship  has  led  to  a  fundamental  observation:  the  cancellation  properties 
of  a  waveform  necessary  for  the  creation  of  a  thumbtack- like  ambiguity  surface  may 
be  viewed  as  arising  from  the  pattern  of  zeros  and  non-trival  winding  numbers  of 
the  Weil  transform  of  the  waveform.  This  point  of  view  is  exposited  and  used  to 
reinterpret  classical  radar  waveform  design  techniques,  while  also  providing  a  new 
method  for  radar  waveform  design.  Additionally,  a  new  technique  for  modifying  or 
".shaping’’  waveforms  has  been  developed.  This  con.si3ts  oi  changing  a  wave-form  by 
multiplying  its  Weil  transform  by  cloubly-periodic  functions  and  taV;Lng  the  inverse 
V/eil  transform  to  produce  a  new  signal. 


< 


pubH*  I 

distribtttiM  \«aiMlt*4« 


Ol»9 


Final  Report  (F49620-92-J-0412) 

Professor  Louis  Auslander,  Principal  Investigator 


Recent  work  by  the  CUNY  group  under  the  direction  of  Professor  Louis 
Auslander  has  continued  to  study  applications  of  the  Weil  transform  to  raxlar 
signal  processing  and,  in  a  parallel  effort,  to  multi-access  spreaxi  spectrum 
communications.  The  main  thrust  of  the  work  is  the  relationship  between 
the  Weil  transform  of  a  waveform  and  the  cimbiguity  surface  of  the  wave¬ 
form.  The  study  of  this  relationship  has  led  to  a  fundamental  observation: 
the  cancellation  properties  of  a  waveform  necessary  for  tl  j  creation  of  a 
thumbtack-like  ambiguity  surface  may  be  viewed  as  tirising  from  the  pat¬ 
tern  of  zeros  and  non-trivial  winding  numbers  of  the  Weil  transform  of  the 
waveform.  This  point  of  view  is  exposited  and  used  to  reinterpret  classical 
radar  waveform  design  techniques  in  [10],  while  also  providing  a  new  method 
for  radar  waveform  design.  Additionally,  a  new  technique  for  modifying  or 
“shaping”  waveforms  hais  been  developed.  This  consists  of  changing  a  wave¬ 
form  by  mxiltiplying  its  Weil  transform  by  doubly-periodic  functions  and 
taking  the  inverse  Weil  transform  to  produce  a  new  signed. 

Recently,  an  effort  has  begun  to  extend  the  remge  of  application  of  the 
circle  of  ideas  involving  the  Weil  transform  to  problems  in  spread  spectrum 
communications.  The  connections  between  radar  ambiguity  problems  and 
communication  theory  are  classical:  two  waveforms  both  having  thumbtack¬ 
like  ambiguity  surfaces  and  having  a  nearly  flat  cross- ambiguity  surface  may 
be  useful  as  communication  “symbols”  in  the  transmission  of  information. 
Progress  has  been  made  in  the  use  of  the  Weil  transform  to  design  such  com¬ 
munication  waveforms.  The  results  of  this  investigation  and  its  relationship 
to  some  recent  engineering  literature  will  be  presented  in  [8]. 

These  studies  of  the  Weil  transform  have  resulted  in  a  series  of  papers 
both  theoretical  and  experimental.  The  papers  [6]  and  [7]  present  connec¬ 
tions  with  the  multiplier  theory  of  classical  harmonic  analysis  eind  with  the 
bandwidth  analysis  of  functions  found  in  the  classical  papers  of  Slepian, 
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Landau,  and  Pollack.  In  [5]  we  have  presented  a  series  of  numerical  studies, 
viewed  as  either  experiments  with  or  applications  of  the  theory  in  [6]  and 
[7].  Included  in  this  are  waveforms  having  the  property  that  the  radar  re¬ 
turns  from  such  a  waveform  may  be  decomposed  into  components  living  on 
different  scales.  An  example  of  such  a  waveform  is  presented  together  with 
numerics  clearly  indicating  its  success  in  providing  a  multiresolution  analysis 
of  radar  returns.  Another  construction  produces  waveforms  having  ambigu¬ 
ity  properties  similar  to  given  waveforms  while  having  significantly  better 
bandwidth  properties. 

Currently  we  are  continuing  our  theoretical  work  on  the  use  of  the  Weil 
transform  in  constructing  commimications  signals,  while  also  furthering  our 
work  on  the  multiresolution  application  mentioned  above.  We  hope  in  the 
future  to  extend  the  range  of  application  of  these  ideas  to  general  feature  ex¬ 
traction,  with  the  problem  of  automatic  speech  recognition  as  the  motivating 
example. 
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